A progressive neuronal storage disease has been described in English Springer spaniels in Australia (Hartley et al., 1982) and the United Kingdom (Littlewaod et al., 1983). It is characterized by vacuolation of several types of cells, including neurons and glial cells throughout the brain. The vacuoles appear empty, suggesting that the stored material is water-soluble. A deficiency of a-L-fucosidase was detected in the leucocytes of one affected Australian dog (Kelly et al., 1982), suggesting that the disorder was a canine case of the lysosomal storage disease fucosidosis. Human fucosidosis is an autosomal recessive trait in which the deficiency of a-L-fucosidase leads to the accumulation in tissues and excretion in the urine of fucoglycoconjugates (Durand et al., 1982). We have investigated the enzymic defect and the storage products in the brains of two affected dogs to evaluate the disorder as an animal model for human fucosidosis.
A progressive neuronal storage disease has been described in English Springer spaniels in Australia (Hartley et al., 1982) and the United Kingdom (Littlewaod et al., 1983). It is characterized by vacuolation of several types of cells, including neurons and glial cells throughout the brain. The vacuoles appear empty, suggesting that the stored material is water-soluble. A deficiency of a-L-fucosidase was detected in the leucocytes of one affected Australian dog (Kelly et al., 1982) , suggesting that the disorder was a canine case of the lysosomal storage disease fucosidosis. Human fucosidosis is an autosomal recessive trait in which the deficiency of a-L-fucosidase leads to the accumulation in tissues and excretion in the urine of fucoglycoconjugates (Durand et al., 1982) . We have investigated the enzymic defect and the storage products in the brains of two affected dogs to evaluate the disorder as an animal model for human fucosidosis.
There was a marked deficiency of a-L-fucosidase activity towards the synthetic fluorigenic substrate, 4-methylumbelliferyl a-L-fucoside in the brain and spinal cord of affected dogs. The activities of seven other lysosomal glyco-
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sidases towards corresponding substrates were elevated 2.5-25-fold. &pGlucosidase was unaffected. The secondary hyperactivity of other lysosomal enzymes is characteristic of lysosomal storage diseases.
The a-L-fucosidase in normal dog brain has a pH optimum of 6.5 and a shoulder on the pH/activity curve at pH5.5, suggesting the presence of more than one enzymic component. Only very low activity at pH6.5 and 5.5 was detected in the affected dog brain. Two forms of a-L-fucosidase were separated from an extract of the normal dog brain by ion-exchange chromatography on DEAE-cellulose. The bound and unbound forms were called a-Lfucosidase I and I1 respectively, by analogy with human a+ fucosidase. Although a-L-fucosidase I had a slightly higher ratio of activity at pH6.5 to that at pH5.5, the activity/pH profiles for the separated forms were very similar. This showed that the shape of the activity/pH curve for normal dog brain a-L-fucosidase was not due to two forms with different pH optima. a-L-Fucosidases I and I1 were almost completely absent from the brain of the affected dog, indicating that the two forms are structurally and genetically related. Human a-t-fucosidase can be separated into two forms, which differ in their charge and size and in their pHdependence at lower pH values (Robinson & Thorpe, 1973) . Both forms are absent in human fucosidosis (Alhadeff et al., 1974).
T.1.c. on silica gel of extracts of brains from normal and affected dogs showed that large amounts of soluble oligosaccharides were present in the affected tissues, but not in the controls. Three main components were resolved, A, B and C, in order of increasing size. The oligosaccharides in the affected brain were fractionated by gel filtration on BioGel P4. The fractions containing the three main peaks (11, I11 and IV) in the elution profile were pooled, and the material therein was analysed by t.l.c., g.l.c., amino acid analysis and fast-atom bombardment (f.a.b.) mass spectrometry (Dell et al., 1983). Fractions I1 and IV were shown to be heterogeneous by t.1.c. and f.a.b. mass spectrometry. All The accumulation of glycoasparagines rather than oligosaccharides suggests that the endo-b-N-acetylglucosaminidase cannot release the oligosaccharides from the peptide core of glycoproteins without the prior action of a+-fucosidase.
The enzymic defect and the storage products are very similar in the two species, making canine fucosidosis an excellent animal model for a human disease.
Cellulose consists mainly of &( lM)-glucan, together with small amounts of sugars other than glucose, generally mannose and xylose. Two decades of research on cellulose biosynthesis have not identified the pathway involved (Brett, 1981) .
Work in vitro has suggested two possible substrates, GDPmglucose and UDP-mglucose. However, it is difficult to identify cellulose formed in vitro (Brett, 1981) . The extraction introduced by Updegraff (1969) has been reported to remove all polysaccharides except crystalline cellulose from plant cell walls (Bacic & Delmer, 1981) . We have used this extraction to analyse products formed from GDP-mglucose by mung-bean (Phaseolus aureus) enzymes. Here we report the stimulation of glucose incorporation from GDP-mglucose into Updegraff-resistant cellulose by GDP-Dmannose, and discuss the role of GDP-mmannose in cellulose formation.
Phaseolus aureus seedlings were grown in the dark at 22°C on moist vermiculite. Hypocotyls ( M c m long) were homogenized in a Polytron homogenizer in 0.1 M-Tris/HCl, pH 7.5, at 4°C. The homogenate was filtered through muslin and centrifuged at l00OOOg for 30min at 4°C. The pellet was resuspended in the homogenization buffer, and portions of the suspension (containing 0.5mg of protein) were incubated at 25°C with MgClz (1OmM) and GDP-m[U-''C]glucose (0.92KBq) or GDP-~-[U-'~C]rnannose (0.46KBq) in a total volume of 100pI. Incubations were terminated by addition of water (4ml) at 100°C and boiling for 15min.
Insoluble material was isolated by centrifugation and extracted twice with water (4ml) at 100°C for 15min, twice with 1 ml of chloroform/methanol (2 : 1, v/v), once with methanol (1 ml) and once with water (1 ml). The residue was extracted with the Updegraff reagent (acetic acid/water/ conc. HN03, 8:2:1, by vol.) for 30min at 100"C, and washed several times with water (4ml). Unextracted radioactivity ('Updegraff cellulose') was measured as described by Waldron & Brett (1983) .
Radioactivity was incorporated from GDP-D[U-l4CIglu-cose (1, 100 or ~OOO~M) into Updegraff cellulose. IncorVOl. 12 poration ceased after 1 min at 1 pM-GDP-Dglucose, Smin at 1 0 0 p~ and 30min at 1 mM. GDP-Dmannose (100ph1) prolonged incorporation from GDP-~[U-'~C]glucose ( 1 0 0~~) for up to 15min, without increasing the initial incorporation rate. This result is similar to those of Brett (1981) and Villemez (1971) , who used other tests to identify cellulose, and implies either that glucomannans are an integral part of microfibrils, or that the Updegraff extraction does not remove all non-cellulosic polysaccharides.
Barber (1982) reported that peincubation of Phaseolus aweus membrane preparations with GDP-mmannose increased subsequent glucose incorporation from GDP-Dglucose into polysaccharide. He argued that products formed from GDP-mmannose might act as primers for subsequent cellulose synthesis. However, in our system preincubation with GDP-mmannose did not stimulate subsequent incorporation from GDP-~[U-'~Clglucose ( Table 1) . Stimulation only occurred when GDP-mmannose was present together with GDP-D[U-'4C]glucose. This indicates glucomannan formation rather than mannan-primed glucan synthesis. The relationship between this glucomannan and cellulose therefore remains unclear.
Part of the glucosyltransferase activity was unaffected by Table 1 . Effect of preincubation with GDP-D-mannose on incorporation of radioactivity from GDP-m[ U-' 4Clglucose into Updegrafl cellulose The enzyme preparation was preincubated with or without GDP-mmannose for 15 min. Homogenization buffer (25 ml) was added, and the preparation was centrifuged at 97000g for 35min at 1°C. The pellets were resuspended in buffer (25ml) and re-centrifuged. The final pellets were resuspended in buffer (75pl) and incubated for 15 min with GDP-D~U -~~C ] glucose, with or without GDP-mmannose. + GDP-Dmannose
